A micro enzyme-linked immunosorbent assay was used to detect the presence of amoebic antigen in polyethylene-glycol-precipitated circulating immune complexes (CIC). A cutoff dilution of greater than 1:160 for the precipitates was taken to be of clinical significance. Among the patients with amoebic liver abscess, 93% (14 of 15 confirmed cases) had indications of amoebic antigen in CIC. In 57% of the suspected cases of amoebic liver abscess, amoebic antigen could be detected in CIC. The specificity of the technique for the demonstration of specific amoebic antigen is indicated by the undetectable levels of amoebic antigen in CIC in serum samples from nine cases of nonamoebic hepatic diseases and 10 apparently healthy subjects. It (2, 7, 10, 19, 20, (22) (23) (24) (25) . Moreover, antiamoebic antibodies are known to persist for years even after successful eradication of the infection (1, 4, 20) . Thus, the demonstration of antiamoebic antibodies cannot differentiate between present and past infection, especially where amoebiasis is endemic (1, 4, 8 described earlier (16). Antisera against the whole amoebic extract were raised in rabbits by three weekly subcutaneous injections of 4 mg of amoebic protein emulsified in Freund complete adjuvant followed by an intravenous injection of 1 mg of protein 1 week later. The animals were bled to death 10 days later, and sera were collected. The immunoglobulin G (IgG) fraction of antiamoebic antisera was prepared by DEAE-cellulose chromatography (6) and used as the solid phase for coating antibody in the micro enzyme-linked immunosorbent assay (ELISA).
A micro enzyme-linked immunosorbent assay was used to detect the presence of amoebic antigen in polyethylene-glycol-precipitated circulating immune complexes (CIC). A cutoff dilution of greater than 1:160 for the precipitates was taken to be of clinical significance. Among the patients with amoebic liver abscess, 93% (14 of 15 confirmed cases) had indications of amoebic antigen in CIC. In 57% of the suspected cases of amoebic liver abscess, amoebic antigen could be detected in CIC. The specificity of the technique for the demonstration of specific amoebic antigen is indicated by the undetectable levels of amoebic antigen in CIC in serum samples from nine cases of nonamoebic hepatic diseases and 10 apparently healthy subjects. It (2, 7, 10, 19, 20, (22) (23) (24) (25) . Moreover, antiamoebic antibodies are known to persist for years even after successful eradication of the infection (1, 4, 20) . Thus, the demonstration of antiamoebic antibodies cannot differentiate between present and past infection, especially where amoebiasis is endemic (1, 4, 8) . Circulating immune complexes (CIC) have been documented in many parasitic infections, such as malaria (5) , trypanosomiasis (3), schistosomiasis (11) , onchocerciasis (12) , and toxoplasmosis (17) . Increased soluble immune complexes have also been documented in amoebic liver abscess patients and chronic cyst passers (13) (14) (15) . The (3) 80 (2) 64 (1) <80 ( (8) 80 (2) Titer is the reciprocal of the highest serum dilution. b Antigen titer of 1:320.
mined by checkerboard titration. The wells of the polystyrene microtiter plates were coated with 100 ,ul of optimally diluted rabbit antiamoebic IgG in carbonate buffer (0.05 M, pH 9.6). After incubation at 37°C for 3 h, the material was drained and the plates were washed with 0.01 M phosphatebuffered saline, pH 7.2, containing 0.05% Tween-20 (PBS-T). The plates were then incubated with 0.5% bovine serum albumin in PBS-T (200 jtl/well) for 30 min at 37°C to reduce nonspecific reaction. The plates were washed three times with PBS-T and incubated with 100 ,ul of serial dilutions of CIC per well for 3 h at 37°C. After a wash with PBS-T, the final incubation was done with 100 pl of optimally diluted peroxidase-conjugated rabbit antibody specific to human immunoglobulin (Dakopatts a/s, Denmark) for 3 h at 37°C. The plates were washed, and enzyme activity was assayed by incubating the wells with 100 ,tl of substrate and indicator system (6) at 37°C for 10 to 20 min. The reaction was terminated by adding 50 ,ul of 12.5% sulfuric acid and read visually.
Determination of antiamoebic antibodies. Antibodies were determined by the indirect hemagglutination test with axenic E. histolytica antigen (21) .
RESULTS
The use of antiamoebic rabbit IgG as a solid-phase antibody and peroxidase-conjugated anti-human immunoglobulin as the developing-phase antibody clearly distinguished the amoebic liver abscess patients from the controls (Table  1) . PEG precipitates, each derived from 0.2 ml of serum, were suspended in the same volume of buffer, and serial dilutions of 1:80 and above were used for the test samples and the controls. The cutoff titer of the precipitate was determined by a standard titration method with precipitates from confirmed amoebic liver abscess patients and healthy subjects. Any titer greater than 1: 160 was considered positive for amoebic antigen in the precipitates. Fourteen of the 15 (93.3%) confirmed amoebic liver abscess cases had amoebic antigen in CIC. In addition, four (57.3%) of the seven suspected cases had a titer of 1:320. None of the nine nonamoebic hepatic disease cases or 10 apparently healthy controls was positive for specific amoebic CIC. There was no correlation between the antiamoebic hemagglutination antibody titers and the amoebic antigen titers in CIC (Table   1) .
DISCUSSION
The main consequences of invasion by E. histolytica are amoebic colitis, dysentery, and liver abscess. Demonstration of parasites in the dysenteric or well-formed stool clinches the diagnosis. However, it is difficult to demonstrate parasites in liver abscess pus. In the best laboratories, no more than 15% of confirmed cases of amoebic liver abscess had demonstrable E. histolytica in the pus (9, 21) . Thus, in the majority of such cases, diagnosis remains circumstantial. The level of antiamoebic antibodies is relatively higher in such cases, but it cannot differentiate past or silent from present infection. Thus, the demonstration of antigen in amoebic pus, in tissues, or in the circulation (free or complexed form) would be an ideal choice for diagnosing an individual case of amoebiasis.
Recently, increased serum immune complexes have been used as a tool for the diagnosis of patients with amoebic liver abscess and chronic cyst passers. CIC have been reported to be higher in patients with active amoebiasis, and surprisingly, in cyst passers the prevalence and mean number of CIC were even higher (13) . In another study, the presence of CIC was documented in 58% of amoebic liver abscess cases (14) . In the present investigation amoebic antigen in CIC could be demonstrated in 93% of the confirmed cases of amoebic liver abscess. The specificity of the amoebic antigen for diagnosis is supported by the fact that amoebic antigen was undetectable by the micro ELISA technique in serum from apparently healthy subjects and from nonamoebic hepatic disorder patients. Our observations tend to support the findings of Pillai and Mohimen (15) , who reported the presence of amoebic antigen in CIC with a solid-phase radioimmunoassay in the sera of 100% of their patients with amoebic liver abscess and colonic amoebic infection. We observed the presence of specific amoebic antigen beyond the cutoff titer of 1:160 in CIC in 57% of the clinically suspected but nonconfirmed cases of amoebic liver abscess. All of the patients who had amoebic antigen in CIC re-VOL. 23, 1986 on January 12, 2018 by guest http://jcm.asm.org/ Downloaded from sponded to antiamoebic treatment. This observation would indicate that these four (57%) suspected amoebic liver abscess patients in fact had amoebic disease in the liver. The demonstration of amoebic antigen in such a situation would definitely help the clinician in differential diagnosis of an individual case.
It is yet to be seen how long these antigen-specific CIC persist after eradication of the disease. We believe that it is unlikely for the antigen-specific CIC to persist for a long period of time in the host. Nevertheless, our study clearly indicated that demonstration of antigen in CIC would be a good diagnostic method to differentiate acute and active disease from previous infection.
